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SEMICONDUCTOR ENCAPSULATION
ADHESIVE COMPOSITION,
SEMICONDUCTOR ENCAPSULATION
FILM-LIKE ADHESIVE, METHOD FOR
PRODUCING SEMICONDUCTOR DEVICE
AND SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor encapsu-
lation adhesive composition, to a semiconductor encapsula-
tion film-like adhesive, to a method for producing a semicon-
ductor device and to a semiconductor device.

2. Related Background Art

Wire bonding systems employing metal small-gauge wires
such as gold wires have been widely used 1n the past for
connection ol semiconductor chips and boards; however, as
demands increase for reduced size, smaller thicknesses and
higher functionality for semiconductor devices, 1t 1s becom-
ing increasingly popular to employ flip-chip connection sys-
tems, wherein conductive protrusions known as “bumps™ are
formed on semiconductor chips and the electrodes of the
board and semiconductor chips are directly connected
through the bumps.

The methods used 1n tlip-chip connection systems include
metal bonding using solder or tin, metal bonding accom-
plished by application of ultrasonic vibration and formation
of permanent mechanical contact by the contractive force of
a resin, but metal bonding with solder or tin 1s most com-
monly employed because it results in more reliable joints.

Liquid crystal display modules, which continue to
decrease 1n size and increase in functionality 1n recent years,
employ semiconductor devices known as COF (Chip On
Film) devices, wherein liquid crystal-driving semiconductor
chips provided with gold bumps are mounted on a polyimide
board bearing tin coated wirings by metal bonding via gold-
tin eutectic connection.

Because gold-tin eutectic connection are formed 1in a COF,
the joints must be at the eutectic temperature of 278° C. or
above. Heating 1s carried out at above the eutectic tempera-
ture for a short connection time of no longer than 5 seconds,
to 1improve productivity, and therefore the preset temperature
of the apparatus must be a high temperature of 200-400° C.

In COF, 1t 1s necessary to underfill the gaps between the
semiconductor chips and board with a resin 1n order to protect
the joint from the external environment and avoid concentra-
tion of external stress on the joint, while also ensuring suifi-
cient electronic insulation reliability for narrow-pitch inter-
connects. Current underfill methods generally involve
injection of the liquid resin by capillary flow, and curing, after
connection between the semiconductor chips and board, but
the longer time required for injection between the reduced
chip-board gaps formed 1n narrow-pitch connection tends to
lower productivity. This problem can be surmounted by a
method of connecting the chips and board after supplying an
adhesive to the chips or board (see Japanese Unexamined

Patent Publication No. 2006-188573 and Matsushita Denko
Technical Report, vol. 34 No. 3, P 53-38).

SUMMARY OF THE INVENTION

When semiconductor chips and a board are connected at a
high temperature of above 200° C. after adhesive has been
laminated to the bumped wafer or board (substrate) in COF,
air bubbles known as “voids™ often generate by the volatiliz-
ing components 1t contains. The generated voids reduce the
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adhesive force and cause peeling between the underfill (the
resin filling the gaps between the semiconductor chips and
board) and the semiconductor chips and board, thus poten-
tially resulting 1n poor connection and lower electronic 1nsu-
lation reliability. In addition, moisture that becomes trapped
in the voids promotes diffusion and migration of impurity
ions and eluted metals in the system, thus also potentially
lowering the electronic msulation reliability.

Other causes of lower electronic insulation reliability
include corrosion deposits around bonding parts of the semi-
conductor device due to impurity 10ns and eluted metals in the
underfill, semiconductor chips and polyimide board, and for-
mation of conductive substances (such as tin oxide) resulting
from oxidation of tin coating on the board wiring, the nickel
and chromium that are commonly used 1n the adhesive layer
between the wiring and board, the copper used for the wir-
ings, and the gold used for the bumps.

It 1s an object of the present mvention to provide a semi-
conductor encapsulation adhesive composition that exhibits
high electronic insulation reliability, a semiconductor encap-
sulation film-like adhesive, a method for producing a semi-
conductor device and a semiconductor device, which over-
come the aforementioned problems of the prior art by an
elifect of mmhibiting formation of voids during connection
between semiconductor chips and boards at high tempera-
tures of 200° C. and above, and inhibiting production of
conductive substances due to oxidation of tin coatings on
board wirings.

In order to achieve the object stated above, the invention
provides a semiconductor encapsulation adhesive composi-
tion comprising (a) an epoxy resin, (b) a curing agent and (c)
an antioxidant.

The semiconductor encapsulation adhesive composition
having such a construction can inhibit formation of voids
during connection between semiconductor chips and boards
at high temperatures of 200° C. and above, while also 1nhib-
iting production of conductive substances that become depos-
ited on boards, bumps and wirings, and thus exhibits high
clectronic msulation reliability.

The semiconductor encapsulation adhesive composition of
the mvention preferably further comprises (d) a high molecu-
lar component with a weight-average molecular weight of
10,000 or greater. This will result 1in satisfactory film form-
ability, for formation of the semiconductor encapsulation
adhesive composition into a film.

The (d) high molecular component 1s preferably a polyim-
ide resin. This will result 1n even more satisfactory film form-
ability, for formation of the semiconductor encapsulation
adhesive composition nto a film, while also improving the
heat resistance.

The polyimide resin preferably has a weight-average
molecular weight of 30,000 or greater and a glass transition
temperature of no higher than 100° C. A polyimide resin with
a weight-average molecular weight of 30,000 or greater will
allow more satistactory film formability to be exhibited. Also,
a polyimide resin with a glass transition temperature of no
higher than 100° C. will permit satisfactory attachability
(lamination ability) to the board and semiconductor chips.

The (b) curing agent 1n the semiconductor encapsulation
adhesive composition of the invention 1s preferably a phenol
compound. Phenol compounds used as curing agents for
epoxy resins have excellent curing and molding performance.

The (¢) antioxidant 1 the semiconductor encapsulation
adhesive composition of the invention 1s preferably a hin-
dered phenol. A hindered phenol with bulky functional
groups surrounding the phenolic hydroxyl group will have a
lower tendency to participate 1 curing reaction with the
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epoxy compound, while also trapping radicals and being
itsell oxidized, thus preventing oxidation of other metals.
This will dramatically improve the HAST resistance.

The invention further provides a semiconductor encapsu-
lation film-like adhesive obtained by shaping the semicon-
ductor encapsulation adhesive composition of the invention
into a film.

The semiconductor encapsulation film-like adhesive, hav-
ing a construction that employs a semiconductor encapsula-
tion adhesive composition of the mvention as described
above, can inhibit formation of voids during connection
between semiconductor chips and boards at high tempera-
tures of 200° C. and above, while also mhibiting production
of conductive substances that become deposited on boards,
bumps and wirings, and thus exhibits high electronic insula-
tion rehiability.

The semiconductor encapsulation film-like adhesive of the
invention preferably has a melt viscosity of no greater than
2000 Pa-s at 350° C. This will result 1n more satisfactory
conductivity, connectivity and electronic mnsulation reliabil-
ity when the semiconductor chips and board are connected at
high temperatures of 200° C. and above.

The semiconductor encapsulation film-like adhesive of the

invention also preferably has a void formation rate of no
greater than 5% upon contact bonding for 5 seconds at 350°
C., 1 MPa.

The invention turther provides a method for producing a
semiconductor device that comprises a step of connecting
bump-bearing semiconductor chips to a board with metal
wiring at a temperature of 200° C. or above using a semicon-
ductor encapsulation adhesive composition according to the
invention, and underfilling the gaps between the semiconduc-
tor chips and the board using the semiconductor encapsula-
tion adhesive composition.

The invention further provides a method for producing a
semiconductor device that comprises a step of connecting
bump-bearing semiconductor chips to a board with metal
wiring at a temperature of 200° C. or above using a semicon-
ductor encapsulation film-like adhesive according to the
invention, and underfilling the gaps between the semiconduc-
tor chips and the board using the semiconductor encapsula-
tion film-like adhesive.

Since the semiconductor encapsulation adhesive composi-
tion or semiconductor encapsulation film-like adhesive
described above 1s used to connect the semiconductor chips
and board in this method for producing a semiconductor
device, formation of voids between the semiconductor chips
and board 1s satisfactorily inhibited and a semiconductor
device with suificient interconnect electronic insulation reli-
ability can be efficiently produced. Furthermore, since the
semiconductor encapsulation adhesive composition and
semiconductor encapsulation film-like adhesive contain the
(c) antioxidant, 1t 1s possible to efficiently produce a semi-
conductor device with enhanced HAS'T resistance.

In the method for producing a semiconductor device of the
invention, preferably the bumps used are gold bumps, the
metal wiring has tin coating on the surface, the board 1s a
polyimide board, and the semiconductor chips and board are
connected by forming gold-tin eutectic connection at a tem-
perature of 200° C. or above. This production method allows
production of a COF having gold bump-formed semiconduc-
tor chips mounted on a polyimide board by metal bonding,
with gold-tin eutectic connection.

The mvention still further provides a semiconductor device
produced by the method for producing a semiconductor
device according to the invention.
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Since such a semiconductor device 1s produced by the
method for producing a semiconductor device according to
the invention, formation of voids between the semiconductor
chips and board 1s inhibited and satisfactory interconnect
clectronic mnsulation reliability 1s obtained.

According to the mvention it 1s possible to obtain high
clectronic msulation reliability with a semiconductor encap-
sulation adhesive composition, a semiconductor encapsula-
tion film-like adhesive, a method for producing a semicon-
ductor device and a semiconductor device, because formation
of voids can be mhibited during connection between semi-
conductor chips and boards at high temperatures of 200° C.
and above, and production of conductive substances that
deposit onto boards, bumps and wirings can be inhibited by
an antioxidant effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view showing the
condition of melt viscosity measuring sample A before con-
tact bonding.

FIG. 2 1s a schematic cross-sectional view showing the
condition of void formation rate measuring sample B belore
contact bonding.

FIG. 3 1s a photograph showing an entire semiconductor
device fabricated using the film-like adhesive of Example 3.

FIG. 4 1s a photograph showing a cross-section of the
chip-mounted section of a semiconductor device fabricated
using the film-like adhesive of Example 3.

FIG. 5 15 a photograph showing an overview of sample C
(test vehicle with interdigitated array pattern) set 1n an accel-
erated life tester 1n an electronic 1nsulation reliability test.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the invention will now be
described in detail.

(Semiconductor Encapsulation Adhesive Composition,
Semiconductor Encapsulation Film-Like Adhesive and
Method for Producing Them)

The semiconductor encapsulation adhesive composition of
the mnvention comprises (a) an epoxy resin, (b) a curing agent
and (¢) an antioxidant, and preferably also (d) a high molecu-
lar component with a weight-average molecular weight of
10,000 or greater. The semiconductor encapsulation film-like
adhesive of the invention 1s the aforementioned semiconduc-
tor encapsulation adhesive composition of the invention
formed into a film, and 1t comprises (a) an epoxy resin, (b) a
curing agent and (¢) an antioxidant, and preferably also (d) a
high molecular component with a weight-average molecular
weilght of 10,000 or greater. Each of these components will
now be explained.

(a) Epoxy Resin

The (a) epoxy resin used for the invention preferably has
two or more epoxy groups 1n the molecule, and 1t may be any
of various polyfunctional epoxy resins such as bisphenol
A-type epoxy resin, bisphenol F-type epoxy resin, naphtha-
lene-type epoxy resin, phenol-novolac-type epoxy resin,
cresol-novolac-type epoxy resin, phenolaralkyl-type epoxy
resin, biphenyl-type epoxy resin, triphenylmethane-type
epoxy resin or dicyclopentadiene-type epoxy resin. Any of
the above may be used alone, or two or more thereof may be
used 1 admixture. For example, a bisphenol A-type or
bisphenol F-type liquid epoxy resin 1s preferably used as a
room temperature-solid epoxy resin since these have 1% ther-
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mogravimetric loss of below 250° C. and can potentially
decompose, generating volatilizing components, during
high-temperature heating.

(b) Curing Agent

The (b) curing agent used for the mvention may be, for
example, a phenolic compound, acid anhydride-based curing
agent, amine-based curing agent, imidazole or phosphine.

Any phenol compound may be used that has two or more
phenolic hydroxyl groups in the molecule, and examples
include phenol-novolac, cresol-novolac and phenolaralkyl
resins, cresolnaphthol-formaldehyde polycondensates, triph-
enylmethane-type polyfunctional phenols and polyfunctional
phenol resins. Any of the above may be used alone, or two or
more thereol may be used in admixture. Liquid phenols can
undergo decomposition and generate volatilizing compo-
nents during high-temperature heating, and 1t i1s therefore
preferred to use a phenol compound that 1s solid at room
temperature. The equivalent ratio of the (a) epoxy resin and
phenol compound (phenol compound/(a) epoxy resin) 1s pret-
erably 0.3-1.5 from the viewpoint of curability, adhesion and
storage stability. It 1s more preferably 0.4-1.0 and even more
preferably 0.5-1.0. An equivalent ratio of smaller than 0.3
may lower the curability and reduce the adhesive force, while
an equivalent ratio of greater than 1.5 will leave an excess of
unreacted phenolic hydroxyl groups, thus potentially increas-
ing moisture absorptivity and lowering the electronic insula-
tion reliability.

Examples of acid anhydride-based curing agents to be used
include methylcyclohexanetetracarboxylic dianhydride, tri-
mellitic anhydride, pyromellitic anhydrnide, benzophenon-
ctetracarboxylic dianhydride and ethylene glycolbisanhy-
drotrimellitate. Any of the above may be used alone, or two or
more thereol may be used 1n admixture. Liqud acid anhy-
drides can decompose under high-temperature heating, pro-
ducing volatilizing components, and therefore acid anhy-
drides that are solid at room temperature are preferred. The
equivalent ratio of the (a) epoxy resin and acid anhydride
(acid anhydride/(a) epoxy resin) 1s preferably 0.3-1.5 from
the viewpoint of curability, adhesion and storage stability. It 1s
more preferably 0.4-1.0 and even more preferably 0.5-1.0. An
equivalent ratio of smaller than 0.3 may lower the curability
and reduce the adhesive force, while an equivalent ratio of
greater than 1.5 will leave an excess of unreacted acid anhy-
dride groups, thus potentially increasing the absorption per-
centage and lowering the electronic msulation reliability.

Dicyandiamide 1s an example of an amine-based curing
agent that may be used. Liquid amines can undergo decom-
position and generate volatilizing components during high-
temperature heating, and 1t 1s therefore preferred to use an
amine that 1s solid at room temperature. The equivalent ratio
of the (a) epoxy resin and amine (amine/(a) epoxy resin) 1S
preferably 0.3-1.5 from the viewpoint of curability, adhesion
and storage stability. It 1s more preferably 0.4-1.0 and even
more preferably 0.5-1.0. An equivalent ratio of smaller than
0.3 may lower the curability and reduce the adhesive force,
while an equivalent ratio of greater than 1.5 will leave an
excess of unreacted amine groups, thus potentially lowering
the electronic 1nsulation reliability.

As examples of imidazoles there may be mentioned 2-phe-
nylimidazole, 2-phenyl-4-methylimidazole, 1-benzyl-2-me-
thylimidazole, 1-benzyl-2-phenylimidazole, 1-cyanoethyl-2-
undecylimidazole, 1-cyano-2-phenylimidazole,
1 -cyanoethyl-2-undecylimidazole trimellitate, 1-cyanoethyl-
2-phenylimidazolium trimellitate, 2,4-diamino-6-[2'-meth-
ylimidazolyl-(1')]-ethyl-s-triazine, 2,4-diamino-6-[2'-unde-
cylimidazolyl-(1')]-ethyl-s-triazine, 2,4-diamino-6-| 2'-ethyl-
4'-methylimidazolyl-(1')]-ethyl-s-triazine, 2,4-diamino-6-
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|2'-methylimidazolyl-(1")]-ethyl-s-triazineisocyanuric  acid
adduct, 2-phenylimidazoleisocyanuric acid adduct, 2-phe-
nyl-4,5-dihydroxymethylimidazole, 2-phenyl-4-methyl-5-
hydroxymethylimidazole, and epoxy resin and imidazole
adducts. Preferred for use according to the invention, from the
viewpoint of curability, storage stability and connection reli-
ability, are 1-cyanoethyl-2-undecylimidazole, 1-cyanoethyl-
2-undecylimidazole trimellitate, 1-cyanoethyl-2-phenylimi-
dazolium trimellitate, 2,4-diamino-6-|2'-methylimidazolyl-
(1)]-ethyl-s-triazine, 2.,4-diamino-6-[2'-ethyl-4'-
methylimidazolyl-(1")]-ethyl-s-triazine, 2,4-diamino-6-[2'-
methylimidazolyl-(1")]-ethyl-s-triazineisocyanuric acid
adduct, 2-phenylimidazoleisocyanuric acid adduct, 2-phe-
nyl-4,5-dihydroxymethylimidazole and 2-phenyl-4-methyl-
S-hydroxymethylimidazole. These may be used alone or 1n
combinations of two or more. They may also be used 1n
microcapsulated form for increased latency. They are prefer-
ably added 1n a weight ratio 01 0.001-0.1 and more preferably
0.001-0.05 with respect to the (a) epoxy resin. The curability
may be reduced at a weight ratio of less than 0.001, while at
a weight ratio of greater than 0.1, curing may take place
before the metal-metal joints are established, potentially
resulting in connection defects. An imidazole may be used
alone with the (a) epoxy resin, but it may also be used as a
curing accelerator together with a phenol compound, acid
anhydride-based curing agent or amine-based curing agent.

As examples of phosphines there may be mentioned triph-
enylphosphine, tetraphenylphosphonium tetraphenylborate,
tetraphenylphosphomium tetra(4-methylphenyl)borate and
tetraphenylphosphomium (4-fluorophenyl)borate. They are
preferably added in a weight ratio of 0.001-0.1 and more
preferably 0.001-0.05 with respect to the (a) epoxy resin. The
curability may be reduced at a weight ratio of less than 0.001,
while at a weight ratio of greater than 0.1, curing may take
place before the metal-metal joints are established, poten-
tially resulting 1in connection defects. A phosphine may be
used alone with the (a) epoxy resin, but 1t may also be used as
the curing accelerator together with a phenol compound, acid
anhydride-based curing agent or amine-based curing agent.

(c) Antioxidant

The (¢) antioxidant used for the invention may be selected
as suitable for the composition of the semiconductor encap-
sulation adhesive composition. The (c¢) antioxidant 1s prefer-
ably one or more antioxidants selected from the group con-
sisting ol phenol-based antioxidants, phosphite-based
antioxidants and sulfur-based antioxidants.

A preferred phenol-based antioxidant 1s a compound hav-
ing a substituent with high steric hindrance such as a tert-
butyl group or trimethylsilyl group at the ortho position of the
phenolic hydroxyl. Phenol-based antioxidants are also
known as “hindered phenol-based antioxidants™.

The phenol-based antioxidant 1s preferably one or a com-
bination of compounds selected from the group consisting of
2-tert-butyl-4-methoxyphenol, 3-tert-butyl-4-methoxyphe-
nol, 2,6-di-tert-butyl-4-ethylphenol, 2,2'-methylene-bis(4-
methyl-6-tert-butylphenol), 4,4'-thiobis-(3-methyl-6-tert-bu-
tylphenol), 4,4'-butylidenebis(3-methyl-6-tert-butylphenol),
1,1,3-tr1s(2-methyl-4-hydroxy-5-tert-butylphenyl)butane,
1,3,5-trimethyl-2,4,6-tr1s(3,5-di-tert-butyl-4-hydroxyben-
zyl)benzene and tetrakis-[methylene-3-(3',5'-di-tert-butyl-4'-
hydroxyphenyl)propionate]methane, and more preferably 1t
1s  4,4'-butylidenebis(3-methyl-6-tert-butylphenol) and/or
1,1,3-tr1s(2-methyl-4-hydroxy-5-tert-butylphenyl)butane.
When it 1s desired to increase electronic insulation reliability,
the phenol-based antioxidant i1s preferably 1,1,3-tr1s(2-me-
thyl-4-hydroxy-5-tert-butylphenyl)butane. A mixture of
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2-tert-butyl-4-methoxyphenol and 3-tert-butyl-4-methox-
yphenol 1s commonly used as an antioxidant, and 1s known as
butylated hydroxyanisole.

A phosphite-based antioxidant 1s preferably one or a mix-
ture of compounds selected from the group consisting of
triphenyl phosphite, diphenylisodecyl phosphite, phenyldii-
sodecyl phosphite, 4,4'-butylidene-bis(3-methyl-6-tert-bu-
tylphenylditridecyl)phosphite, cyclic neopentanetetrayl bis

(nonylphenyl)phosphite, cyclic neopentanetetrayl bis
(dinonylphenyl)phosphite, cyclic neopentanetetrayl tris
(nonylphenyl)phosphite, cyclic neopentanetetrayl tris

(dinonylphenyl)phosphite, 10-(2,5-dihydroxyphenyl)-10H-
9-oxa-10-phosphaphenanthrene-10-oxide,
duisodecylpentaerythritol diphosphite and tris(2,4-di-tert-bu-
tylphenyl)phosphite, and 1t 1s more preferably 10-(2,5-dihy-
droxyphenyl)-10H-9-0xa-10-phosphaphenanthrene-10-0x-
ide.

A sulfur-based antioxidant 1s preferably one or a mixture of
compounds selected from the group consisting of dilauryl
3,3'-thiodipropionate, distearyl 3,3'-thiodipropionate, N-cy-
clohexylthiophthalimide and N-n-butylbenzenesulfonamide.
Dilauryl 3,3'-thiodipropionate 1s also known as dilauryl thio-
dipropionate, and distearyl 3,3'-thiodipropionate 1s also
known as distearyl thiodipropionate.

The (¢) antioxidant may be synthesized and/or prepared by
common procedures, or 1t may be obtained as a commercial

product. Examples of commercially available antioxidants
include the phenol-based antioxidants YOSHINOX BB,

YOSHINOX BHT and YOSHINOX 425 (trade names of API
Corporation), TTIC and TTAD (trade names of Toray Co.,
Ltd.), IRGANOX L107 (trade name of Ciba Specialty
Chemicals), and AO-20, AO-30, AO-40, AO-50, AO-50F,
AO-60, AO-60G, AO-70, AO-80 and AO-330 (trade names of
Adeka Corp.). Especially preferred among these 1s AO-60,
which has tert-butyl groups on both sides of the phenolic
hydroxyl ortho position, and includes 4 such backbones.
Compounds wherein the phenolic hydroxyl groups are sur-
rounded by bulkier substituents and thus have higher steric
hindrance, and which contain a greater number of such back-
bones, may be expected to exhibit a greater effect of improved
clectronic insulation reliability. Available phosphite-based
antioxidants include PEP-4C, PEP-8, PEP-8W, PEP-24G,
PEP-36, PEP-367, HP-10, HP-2112 and HP-2112RG (all
trade names of Adeka Corp.). Available sulfur-based antioxi-
dants include AO-412S and AO-303 (both trade names of
Adeka Corp.).

These antioxidants may be used alone or 1n combinations
of two or more.

(d) High molecular component with weight-average
molecular weight of 10,000 or greater

The (d) high molecular component with a weight-average
molecular weight of 10,000 or greater used for the invention
may be a phenoxy resin, polyimide resin, polyamide resin,
polycarbodiimide resin, phenol resin, cyanate ester resin,
acrylic resin, polyester resin, polyethylene resin, polyether-
sulfone resin, polyetherimide resin, polyvinylacetal resin,
urethane resin, acrylic rubber or the like, among which phe-
noxy resins, polyimide resins, cyanate ester resins, polycar-
bodiimide resins and acrylic rubber are preferred, and phe-
noxy resins, polyimide resins and acrylic rubber are
especially preferred, for their excellent heat resistance and
f1lm formability. These high molecular components may be
used alone or as mixtures or copolymers of two or more
different types.

When a polyimide resin 1s used as the (d) high molecular
component, 1t may be obtained by, for example, condensation
of a tetracarboxylic dianhydride and diamine by a known
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process. Specifically, the tetracarboxylic dianhydride and
diamine are subjected to addition reaction 1n an organic sol-
vent at an equimolar ratio or approximately equimolar ratio
(with the components being added 1n any desired order), at a
reaction temperature of no higher than 80° C. and preferably
0-60° C. The viscosity of the reaction mixture will gradually
increase as the reaction proceeds, forming polyamide acid as
the polyimide precursor. In order to prevent reduction 1n the
properties of the film-like adhesive, the acid dianhydride 1s
preferably one that has been subjected to recrystallizing puri-
tying treatment with acetic anhydride.

The polyamide acid 1s heated at a temperature of 50-80° C.
for depolymerization to adjust the molecular weight.

The polyimide resin may be obtained by dehydrating
cyclization of the reaction product (polyamide acid). Dehy-
drating cyclization can be accomplished by thermal cycliza-
tion using heat treatment and by chemical cyclization using a
dehydrating agent.

There are no particular restrictions on tetracarboxylic dian-
hydrides to be used as starting materials for the polyimide
resin, and as examples there may be mentioned pyromellitic
acid dianhydride, 3,3'.4,4'-biphenyltetracarboxylic dianhy-
dride, 2,2',3,3"-biphenyltetracarboxylic dianhydride, 2,2-bis
(3,4-dicarboxyphenyl)propane dianhydride, 2,2-bis(2,3-d1-

carboxyphenyl)propane dianhydnde, 1,1-b1s(2,3-
dicarboxyphenyl )ethane dianhydride, 1,1-b1s(3,4-
dicarboxyphenyl)ethane dianhydride, b1s(2,3-
dicarboxyphenyl ) methane dianhydride, b1s(3,4-
dicarboxyphenyl ) methane dianhydride, b1s(3,4-
dicarboxyphenyl)sulifone dianhydride, 3,4,9,10-
perylenetetracarboxylic dianhydride, b1s(3,4-
dicarboxyphenyl)ether  dianhydride,  benzene-1,2,3,4-
tetracarboxylic dianhydride, 3.4,3'4'-
benzophenonetetracarboxylic dianhydride, 2,3,2'3'-
benzophenonetetracarboxylic dianhydride, 3,3,3" 4'-
benzophenonetetracarboxylic dianhydride, 1,2,5,6-
naphthalenetetracarboxylic dianhydride, 1,4,5,8-
naphthalenetetracarboxylic dianhydride, 2,3.6,7-
naphthalenetetracarboxylic dianhydride, 1,2,4,5-
naphthalenetetracarboxylic dianhydride, 2,6-
dichloronaphthalene-1,4,5,8-tetracarboxylic  dianhydride,
2, 7-dichloronaphthalene-1,4,5,8-tetracarboxyvlic dianhy-

dride, 2,3,6,7-tetrachloronaphthalene-1,4,5,8-tetracarboxy-
lic dianhydride, phenanthrene-1,8,9,10-tetracarboxylic dian-
hydride, pyrazine-2,3,5,6-tetracarboxylic  dianhydnde,
thiophene-2,3,5,6-tetracarboxylic dianhydride, 2,3,3',4'-bi-
phenyltetracarboxylic dianhydride, 3,4,3'.4'-biphenyltetra-
carboxylic dianhydnde, 2,3,2'.3'-biphenyltetracarboxylic
dianhydride, bis(3,4-dicarboxyphenyl)dimethylsilane dian-
hydride, bis(3,4-dicarboxyphenyl)methylphenylsilane dian-
hydride, bis(3,4-dicarboxyphenyl)diphenylsilane dianhy-
dride, 1,4-bi1s(3,4-dicarboxyphenyldimethylsilyl)benzene
dianhydride, 1,3-b1s(3,4-dicarboxyphenyl)-1,1,3,3-tetram-
cthyldicyclohexane dianhydride, p-phenylenebis(trimellitate
anhydride), ethylenetetracarboxylic dianhydride, 1,2,3,4-bu-
tanetetracarboxylic dianhydride, decahydronaphthalene-1.4,
5,8-tetracarboxylic dianhydride, 4.8-dimethyl-1,2,3,5,6,7-
hexahydronaphthalene-1,2,5,6-tetracarboxylic dianhydride,
cyclopentane-1,2,3,4-tetracarboxylic dianhydride, pyrroli-
dine-2,3,4,5-tetracarboxylic dianhydride, 1,2,3,4-cyclobu-
tanetetracarboxylic dianhydride, bis(exo-bicyclo[2,2,1]hep-
tane-2,3-dicarboxylic dianhydride, bicyclo-[2,2,2]-oct-7-
ene-2,3,5,6-tetracarboxylic dianhydride, 2,2-bi1s(3,4-
dicarboxyphenyl)propane  dianhydnde, 2,2,-bis[4-(3,4-
icarboxyphenyl)phenyl]propane dianhydride, 2,2-bis(3,4-
icarboxyphenyl)hexafluoropropane dianhydride, 2.2,-bis
[4-(3,4-dicarboxyphenyl)phenyl]hexafluoropropane

C
C
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dianhydride, 4,4'-bis(3,4-dicarboxyphenoxy)diphenyl sul-
fide dianhydnide, 1,4-bis(2-hydroxyhexatluoroisopropyl)
benzenebis(trimellitic  anhydride),  1,3-bi1s(2-hydroxy-
hexatluoroisopropyl)benzenebis(trimellitic anhydride), 5-(2,
S-dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-
dicarboxylic dianhydride, tetrahydrofuran-2,3,4,5-
tetracarboxylic dianhydride, tetracarboxylic dianhydrides
represented by formula (I) and tetracarboxylic dianhydrides
represented by formula (1I).

|Chemical Formula 1]

(D

0 0
O )J\ O
X O—CH,9—0 7 /<
O ‘ " ‘ O
% N \<
0 O

[In the formula, m represents an integer of 2-20.]

|Chemical Formula 2]

A tetracarboxylic dianhydride represented by formula (1)
can be synthesized from trimellitic anhydride monochloride
and 1ts corresponding diol, for example, and specifically there
may be mentioned 1,2-(ethylene)bis(trimellitate anhydride),
1,3-(trimethylene)bis(trimellitate anhydride), 1,4-(tetram-
cthylene)bis(trimellitate anhydride), 1,5-(pentamethylene)
bis(trimellitate anhydride), 1,6-(hexamethylene)bis(trimelli-
tate  anhydride), 1,7-(heptamethylene )bis(trimellitate
anhydride), 1,8-(octamethylene)bis(trimellitate anhydride),
1,9-(nonamethylene)bis(trimellitate anhydride), 1,10-(deca-
methylene)bis(trimellitate anhydrnide), 1,12-(dodecamethyl-
ene)bis(trimellitate anhydride), 1,16-(hexadecamethylene)
bis(trimellitate anhydride) and 1,18-(octadecamethylene)bis
(trimellitate anhydride).

Of the tetracarboxylic dianhydrides mentioned above, tet-
racarboxylic dianhydrides represented by formula (II) are
preferred from the viewpoint of imparting excellent moisture-
proof reliability. These tetracarboxylic dianhydrides may be
used alone or in combinations of two or more.

The content of tetracarboxylic dianhydrides represented by
tormula (II) 1s preferably at least 40 mol %, more preferably
at least 50 mol % and even more preferably at least 70 mol %
with respect to the total tetracarboxylic dianhydrides. At less
than 40 mol %, the effect of moisture-proot reliability pro-
vided by using the tetracarboxylic dianhydride of formula (1I)
may not be satistactorily exhibited.

There are no particular restrictions on the diamine used as
a starting material for the polyimide resin, and as examples
there may be mentioned aromatic diamines such as o-phe-
nylenediamine, m-phenylenediamine, p-phenylenediamine,
3,3'-diaminodiphenyl ether, 3,4'-diaminodiphenyl ether, 4,4'-

10

15

20

25

30

35

40

45

50

55

60

65

10

diaminodiphenyl ether, 3,3'-diaminodiphenylmethane, 3.,4'-
diaminodiphenylmethane, 4,4'-diaminodiphenylmethane,
bis(4-amino-3,5-dimethylphenyl )methane, bis(4-amino-3,5-
dusopropylphenyl)methane,  3,3'-diaminodiphenyldifluo-
romethane, 3,4'-diaminodiphenyldifluoromethane, 4,4'-di-
aminodiphenyldifluoromethane, 3,3'-
1aminodiphenylsulione, 3,4'-diaminodiphenylsulione, 4,4'-
1aminodiphenylsulfone, 3,3'-diaminodiphenyl sulfide, 3,4'-
1aminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfide, 3,3'-
1aminodiphenylketone, 3,4'-diaminodiphenylketone, 4,4'-
diaminodiphenylketone,  2,2-bis(3-aminophenyl)propane,
2,2'-(3.4'-diaminodiphenyl)propane,  2,2-bis(4-aminophe-
nyl)propane, 2,2-bis(3-aminophenyl)hexatluoropropane,
2,2-(3,4'-diaminodiphenyl)hexafluoropropane,  2,2-bis(4-
aminophenyl)hexatluoropropane, 1,3-bis(3-aminophenoxy)
benzene, 1,4-bis(3-aminophenoxy)benzene, 1,4-bis(4-ami-
nophenoxy)benzene, 3,3'-(1,4-phenylenebis(1-
methylethylidene))bisaniline, 3,4'-(1,4-phenylenebis(1-
methylethylidene))bisaniline, 4.4'-(1,4-phenylenebis(1-
methylethylidene))bisaniline, 2,2-bis(4-(3-aminophenoxy)
phenyl)propane, 2,2-bis(4-(3-aminophenoxy )phenyl)
hexafluoropropane, 2,2-bis(4-(4-aminophenoxy )phenyl)
hexatluoropropane, bis(4-(3-aminoenoxy )phenyl)sulfide, bis
(4-(4-aminoenoxy )phenyl)sulfide,  bis(4-(3-aminoenoxy)
phenyl)sulfone, bis(4-(4-aminoenoxy)phenyl)sulfone and
3,5-diaminobenzoic acid, 1,3-bis(aminomethyl)cyclohex-
ane, 2,2-bis(4-aminophenoxyphenyl)propane, aliphatic
ctherdiamines represented by formula (III), aliphatic

diamines represented by formula (IV), and siloxanediamines
represented by formula (V).

C
C
C
C

|Chemuical Formula 3|

(111)
H,N—Q'—0—Q*3—0—Q’—NH,

[In the formula, Q', Q° and Q° each independently represent
a C1-10 alkylene group, and r represents an integer of 2-80. ]

|Chemuical Formula 4|

(1V)
H,N —¢ CH,5—NH,

[In the formula, q represents an iteger of 5-20.]

|Chemuical Formula 5

(V)

Q’—NH,

[In the formula, Q* and Q” each independently represent a
C1-5 alkylene or optionally substituted phenylene group, Q°,
Q° Q7 and Q?® each independently represent a C1-5 alkyl,
phenyl or phenoxy group, and p represents an integer of 1-5.]

Diamines represented by formulas (III) and (IV) are pre-
ferred among the aforementioned diamines from the view-
pomnt of low-stress, low-temperature lamination and low-
temperature adhesion properties. From the viewpoint of low
water absorption and low hygroscopicity, diamines repre-
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sented by formula (V) are preferred. These diamines may be
used alone or 1n combinations of two or more. When a com-
bination 1s used, preferably the aliphatic etherdiamine repre-
sented by formula (III) 1s used at 1-50 mol % of the total
diamines, the aliphatic diamine represented by formula (IV)
1s used at 20-79 mol % of the total diamines, and the silox-
anediamine represented by formula (V) 1s used at 20-79 mol
% of the total diamines. Contents outside of these ranges are
undesirable because they will tend to reduce the effect of
imparting low-temperature lamination and low water absorp-
tion properties.

As specific aliphatic etherdiamines represented by formula
(III) there may be mentioned aliphatic etherdiamines repre-
sented by the following formulas:

|Chemical Formula 6]

10

12
3,3-tetraphenoxy-1,3-bis(4-aminoethyl)disiloxane, 1,1,3,3-
tetraphenyl-1,3-bis(2-aminoethyl)disiloxane, 1,1,3,3-tet-
raphenyl-1,3-bis(3-aminopropyl)disiloxane, 1,1,3,3-
tetramethyl-1,3-bis(2-aminoethyl)disiloxane, 1,1,3,3-
tetramethyl-1,3-bi1s(3-aminopropyl)disiloxane, 1,1,3,3-
tetramethyl-1,3-bis(3-aminobutyl)disiloxane  and  1,3-
dimethyl-1,3-dimethoxy-1,3-bis(4-aminobutyl)disiloxane,

and as compounds wherein p 1s 2: 1,1,3,3,5,5-hexamethyl-1,
S-bis(4-aminophenyl)trisiloxane, 1,1,3,5-tetraphenyl-3,3-
dimethyl-1,35-b1s(3-aminopropyl trisiloxane, 1,1,5,5-tet-
raphenyl-3,3-dimethoxy-1,5-bis(4-aminobutyl)trisiloxane,

1,1,5,5-tetraphenyl-3,3-dimethoxy-1,5-bis(5-aminopentyl)

tristloxane,  1,1,5,5-tetramethyl-3,3-dimethoxy-1,5-bis(2-
aminoethyl)trisiloxane, 1,1,3,5-tetramethyl-3,3-dimethoxy-

HyN—CH, 35— 0 ——¢ CH, 57— O0—¢ CH, 5— NI H;N—CH, 39— 0 ——¢ CH, 55— 0 —¢t CH 55— O0—¢ CH 37— NI,
H,N— CH, 59— 0 ——CH, 55— 0— CH, 55— 0—¢ CH, 35— O —¢ CH, 3~ NH,
HN—¢CH 3+ O—¢CH 31— 00—t CH5m—NH,  HN—FCHy -+ 0—CHy 37— O— CH 35— NI,
Mw = 350 Mw = 750
HN—¢CHy 3+ O—¢CHy 3=~ 0—¢ CH5m—NH,  HN—+CHy 50— CH, 37— O—¢ CH 3-—NH,
Mw = 1100 Mw = 2100
H,N— CH(CH;3—¢ CH, 34— O— CH(CH3 34— CH, H— O —¢ CH, 35— CH(CH3+— NH,
Mw = 230
H,N— CH(CH;3+—¢ CH, — O— CH(CH;3 3 CH, ++— O —¢ CH, —CH(CH3+—NH,
Mw = 400

H,N—CH(CH; 34— CH, 30— CH(CH3—CH, 3

Mw = 2000

and aliphatic etherdiamines represented by formula (VI). Ali-
phatic etherdiamines represented by formula (VI) are more
preferred among these, since they can ensure low-tempera-

ture lamination properties and satisfactory adhesion to
organic resist-bearing boards.

|Chemical Formula 7]

(VD)
CH, CH; CH;

NH,— CHCH, —O—CHCH,3—0—CHCH,—NH,

[In the formula, s represents an integer of 2-80.]
As specific aliphatic etherdiamines represented by formula

(V1) there may be mentioned aliphatic diamines, including
polyoxyalkylenediamines such as JEFFAMINE D-230,

D-400, D-2000, D-4000, ED-600, ED-900, ED-2001 and
EDR-148 by San Techno Chemical Co., Ltd., and poly-
ctheramine D-230, D-400 and D-2000 by BASF.

As examples of aliphatic diamines represented by formula
(IV) there may be mentioned 1,2-diaminoethane, 1,3-diami-
nopropane, 1,4-diaminobutane, 1,5-diaminopentane, 1,6-di-
aminohexane, 1,7- dlammoheptane 1,8- dlammooctane 1,9-

diaminononane, 1,10- dlamlnodecane 1,11-
diaminoundecane, 1 12 diaminododecane and 1 ,2-
diaminocyclohexane, among which 1,9-diaminononane,

1,10-diaminodecane, 1.11-diaminoundecane and 1,12-di-
aminododecane are preferred.

As examples of siloxanediamines represented by formula
(V) there may be mentioned, as compounds wherein p 1s 1:
1,1,3,3-tetramethyl-1,3-bis(4-aminophenyl)disiloxane, 1,1,
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T—O0—CH, 7 —CH{CH357—NH;

1,5-bis(4-aminobutyl)trisiloxane, 1,1,5,5-tetramethyl-3,3-
dimethoxy-1,5-bis(5-aminopentyl)trisiloxane, 1,1,3,3,5,5-
hexamethyl-1,5-bis(3-aminopropyl)trisiloxane, 1,1,3,3,5,5-
hexaethyl-1,5-bis(3-aminopropylitrisiloxane and 1,1,3,3,5,
S-hexapropyl-1,5-bis(3-aminopropyl)trisiloxane.

These polyimide resins may be used alone, or if necessary
they may be used as mixtures (blends) of two or more difier-

ent types.
The glass transition temperature (ITg) of the polyimide

resin 1s preferably no higher than 100° C. and more preferably
no higher than 75° C. from the viewpoint of attachability
(lamination ability) to boards and chips. A Tg of higher than
100° C. will not allow filling 1n of the 1rregularities including
the bumps formed on the semiconductor chips or the elec-
trodes or wiring patterns formed on the board, thus leaving air
bubbles and tending to create voids. The Tg 1s the value
measured using a DSC (Model DSC-7, trade name of Perkin-
Elmer), with a sample weight of 10 mg, a temperature-clevat-
ing rate of 5° C./min and a measuring atmosphere of air.

The weight-average molecular weight of the polyimide
resin 1s preferably at least 30,000, more preferably at least
40,000 and even more preferably at least 50,000, based on
polystyrene, so that 1t can exhibit satisfactory film formability
alone. A weight-average molecular weight of lower than
30,000 may result in reduced film formability. The weight-
average molecular weight 1s the value measured 1n terms of
polystyrene using a C-R4A high-performance liquid chro-
matograph (trade name of Shumadzu Corp.).

High molecular component with weight-average molecu-
lar weight of 10,000 or greater (d), epoxy resin (a) and curing
agent (b) The weight ratio of the mixture 1s not particularly
restricted, but in order to maintain a film shape, the mixture of
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the (a) epoxy resin and (b) curing agent 1s preferably used at
0.01-4 parts by weight, more preferably 0.1-4 parts by weight
and even more preferably 0.1-3 parts by weight with respect
to 1 part by weight of the (d) high molecular component with

a weight-average molecular weight of 10,000 or greater. If 5

this weight ratio 1s less than 0.01 part by weight the curability
and adhesive force of the film-like adhesive may be reduced,
while iT1t1s greater than 4 parts by weight the film formability
may be reduced.

The adhesive composition and film-like adhesive of the
invention preferably comprise a curing accelerator. The cur-
ing accelerator may be selected as appropriate for the semi-
conductor encapsulation adhesive composition and the semi-
conductor encapsulation film-like adhesive composition.

Phosphines and imidazoles may be mentioned as curing
accelerators. As examples of phosphines there may be men-
tioned triphenylphosphine, tetraphenylphosphonium tet-
raphenylborate, tetraphenylphosphonium tetra(4-methylphe-
nyl)borate and tetraphenylphosphonium (4-fluorophenyl)
borate. As examples of imidazoles there may be mentioned
2-phenylimidazole, 2-phenyl-4-methylimidazole, 1-benzyl-
2-methylimidazole, 1-benzyl-2-phenylimidazole, 1-cyanoet-
hyl-2-undecylimidazole, 1-cyano-2-phenylimidazole, 1-cya-
noethyl-2-undecylimidazole trimellitate, 1-cyanoethyl-2-
phenylimidazolium trimellitate, 2,4-diamino-6-[2'-
methylimidazolyl-(1")]-ethyl-s-triazine, 2,4-diamino-6-[2'-

cthyl-4'-methylimidazolyl-(1")]-ethyl-s-triazine, 2.,4-
diamino-6-| 2'-methylimidazolyl-(1")]-ethyl-s-
triazineisocyanuric acid adduct,

2-phenylimidazoleisocyanuric acid adduct, 2-phenyl-4,5-di-
hydroxymethylimidazole, 2-phenyl-4-methyl-5-hydroxym-
cthylimidazole, and epoxy resin and imidazole adducts. Pre-
terred for use according to the mvention, from the viewpoint
of curability and storage stability, are the imidazole and
organic acid adducts 1-cyanoethyl-2-undecylimidazole trim-
cllitate, 1-cyanoethyl-2-phenylimidazolium trimellitate, 2,4-
diamino-6-[2'-methylimidazolyl-(1")]-ethyl-s-triazine, 2,4-
diamino-6-| 2'-ethyl-4'-methylimidazolyl-(1")]-ethyl-s-
triazine, 2,4-diamino-6-[2'-methylimidazolyl-(1')]-ethyl-s-
triazineisocyanuric acid adduct and
2-phenylimidazoleisocyanuric acid adduct, and the high-
melting-point 1midazoles 2-phenyl-4,5-dihydroxymeth-
ylimidazole and 2-phenyl-4-methyl-5-hydroxymethylimida-
zole. More preferred are 2,4-diamino-6-[2'-
methylimidazolyl-(1')]-ethyl-s-triazineisocyanuric acid
adduct and 2-phenyl-4,5-dihydroxymethylimidazole. These
may be used alone, or two or more may be used in combina-
tion. They may also be used 1n microcapsulated form for
increased latency.

The curing accelerator content 1s preferably 0.001-0.1 part
by weight, more preferably 0.001-0.05 part by weight and
even more preferably 0.001-0.03 part by weight with respect
to 1 part by weight of the mixture of the (a) epoxy resinand (b)
curing agent. If the weight ratio 1s less than 0.001 part by
weight, the curability of the adhesive composition and film-
like adhesive may be reduced, and 1f 1t 1s greater than 0.1 part
by weight, curing may occur before connection has been
formed by the gold-tin eutectic bonding, thus leading to poor
connection.

The adhesive composition and film-like adhesive of the
invention preferably additionally contain a filler, to modity
the viscosity or cured physical properties, and to reduce void
formation and the moisture absorption coetlicient during con-
nection between the semiconductor chips and board.

The filler may be an electronic insulation morganic filler,
whiskers, or aresin filler. As examples of electronic insulation
inorganic fillers there may be mentioned glass, silica, alu-
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mina, titanium oxide, carbon black, mica and boron nitride,
among which silica, alumina, titanium oxide and boron
nitride are preferred, and silica, alumina and boron nitride are
more preferred. As examples of whiskers there may be men-
tioned aluminum borate, aluminum titanate, zinc oxide, cal-
cium silicate, magnesium sulfate and boron nitride whiskers.
Polyurethane and polyimide, for example, may be used as
resin fillers. These fillers and whiskers may be used alone, or
two or more different types may be used in admixture. No
particular restrictions are placed on the shapes, particle sizes
and content of the filler when used.

The adhesive composition and film-like adhesive of the
invention may contain a silane coupling agent, titanium cou-
pling agent, leveling agent and 1on trapping agent. These may
be used alone or 1n combinations of two or more. The contents
of such additives may be adjusted as suitable to exhibit their
ellects.

The melt viscosity of the film-like adhesive of the invention
at 350° C. 1s preferably no higher than 2000 Pa-s, more
preferably no higher than 200-1800 Pa-s and most preferably
no higher than 500-1500 Pa-s. A melt viscosity of higher than
2000 Pa-s will tend to cause the film-like adhesive to remain
between bumps and wirings when 1t 1s used to connect semi-
conductor chips to a board, leading to more 1nitial conduction
defects.

According to the invention, the melt viscosity of the film-
like adhesive at 350° C. 1s the value calculated by the parallel-
plate plastometer method, based on the change 1n volume
(thickness) of the film-like adhesive before and after contact
bonding at a temperature o1 350° C. Formula (1) below 1s used
to calculate the viscosity from the volume change by the
parallel-plate plastometer method.

W=8RFIZ* 7,43 VA(Z,A- 7% (1)

w: Melt viscosity (Pa-s)

F: Load (IN)

t: Pressing time (s)

7. Initial thickness (m)

Z*: Thickness after pressing (m)
V: Resin volume (m°)

The film-like adhesive of the mvention preferably has a
vo1d formation rate of no greater than 5%, more preferably no
greater than 3% and even more preferably no greater than 1%,
upon contact bonding for 5 seconds at 350° C., 1 MPa. A void
formation rate of greater than 5% may result 1n residual voids
between narrow-pitch wiring, and lower electronic insulation
reliability.

The following 1s an example of a method of producing a
film-like adhesive of the mvention. The (a) epoxy resin, (b)
curing agent (¢) antioxidant, (d) polyimide resin used as a
high molecular component, and additives (curing accelerator,
filler, etc.) are added to an organic solvent, and the mixture 1s
stirred and kneaded to dissolution or dispersion to prepare a
resin varnish. The resin varnish 1s then coated onto a release-
treated base film using a knife coater, roll coater or applicator,
and the organic solvent 1s removed by heating to form a
film-like adhesive on the base film. The polyimide resin, 1.e.
the (d) high molecular component may be used 1n the form of
a solvent-containing polyimide resin varnish without 1sola-
tion after synthesis, and the components added to the poly-
imide resin varnish to obtain the final resin varnish.

The organic solvent used to prepare the resin varnish 1s
preferably one capable of uniformly dissolving or dispersing
the components, such as dimethylformamide, dimethylaceta-
mide, N-methyl-2-pyrrolidone, dimethyl sulfoxide, diethyl-
eneglycol dimethyl ether, toluene, benzene, xylene, methyl
cthyl ketone, tetrahydrofuran, ethylcellosolve, ethylcello-
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solve acetate, butylcellosolve, dioxane, cyclohexanone, ethyl
acetate or the like. These organic solvents may be used alone
or in combinations of two or more. The mixing and kneading
for preparation of the resin varnish may be accomplished
using a stirrer, kneader, triple roll, ball mill, homodisperser
mixer or the like.

The base film 1s not particularly restricted so long as 1t has
heat resistance allowing it to withstand the heating conditions
for volatilization of the organic solvent, and examples include
polyester films, polypropylene films, polyethylene terephtha-
late films, polyimide films, polyetherimide films, polyether
naphthalate films and methylpentene films. The base film 1s
not limited to being a monolayer film and may instead be a
multilayer film composed of two or more different materials.

The conditions for volatilization of the organic solvent
from the coated resin varnish are preferably conditions that
allow complete volatilization of the organic solvent, and spe-
cifically may involve heating at 50-200° C. for 0.1-90 min-
utes.

(Method for Producing Semiconductor Device)

The method for producing a semiconductor device accord-
ing to the mvention comprises a step ol connecting bump-
bearing semiconductor chips to a board with metal wiring at
a temperature of 200° C. or above using a semiconductor
encapsulation adhesive composition or semiconductor
encapsulation film-like adhesive according to the invention,
and underfilling the gaps between the semiconductor chips
and the board using the semiconductor encapsulation adhe-
stve composition or semiconductor encapsulation film-like
adhesive.

The material for the bumps formed on the semiconductor
chips 1s not particularly restricted, and may be gold, low
melting point solder, high melting point solder, nickel, tin or
the like. Gold 1s pretferred for COF.

The board may be of any material, such as an inorganic
board made of a ceramic, or an organic board made of an
epoxy, bismaleimidetriazine or polyimide. Polyimide is pre-
terred for COF.

The material used to form the wiring on the board may be
copper, aluminum, silver, gold, nickel or the like. The wiring
1s formed by etching or pattern coating. The wiring surface
may also be coated with gold, nickel, tin or the like. For COF,
copper wiring with a tin coated surface 1s preferred.

The semiconductor chips and board are connected using an
adhesive composition or film-like adhesive of the invention as
described above. When a film-like adhesive of the invention 1s
used, the film-like adhesive may be cut to the prescribed size
and then attached to the board, or it may be attached to the
bump-formed side of a semiconductor water and the semi-
conductor water then diced into individual sections to pro-
duce film-like adhesive-attached semiconductor chips. The
area and thickness of the film-like adhesive may be appropri-
ately set depending on the semiconductor chip size or bump
heights.

After attaching the film-like adhesive to the board or semi-
conductor chips, the wiring pattern and semiconductor chip
bumps on the board are positioned and pressed together for
0.5-5 seconds at a connection temperature of 200° C. or
higher, and preferably 300-450° C. The load applied for con-
nection will depend on the number of bumps, and 1t 1s set so
as to absorb the variation 1n bump height and to control the
degree of bump deformation. After the semiconductor chips
and board have been connected, semiconductor device or
packaging may be subjected to heat treatment 1n an oven.
When an adhesive composition 1s used, the semiconductor
chips and board are connected by the same method described
above, using the adhesive composition between the board and
semiconductor chips.
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A semiconductor device produced by this method has
minimal voids between the chips and board and satisfactory
clectronic msulation reliability.

EXAMPLES

The invention will now be explained 1n greater detail based
on examples and comparative examples, with the understand-
ing that the mvention 1s not limited by the examples.

Synthesis Example
Synthesis of Polyimide Resin

In a 300 ml flask equipped with a thermometer, stirrer and
calcium chloride tube there were charged 2.10 g (0.035 mol)
of 1,12-diaminododecane, 17.31 g (0.03 mol) of poly-
ctherdiamine (trade name: D2000 by BASEF, molecular
weight: 1923), 2.61 g (0.035 mol) of 1,3-bis(3-aminopropyl)
tetramethyldisiloxane (trade name: LP-7100 by Shin-Etsu
Chemical Co., Ltd.) and 150 g of N-methyl-2-pyrrolidone
(product of Kanto Kagaku Co., Ltd.), and the mixture was
stirred. After dissolution of the diamine, the flask was cooled
in an 1ce bath while adding 1n small portions at a time 15.62 g
(0.10 mol) of 4,4'-(4,4'-1sopropylidenediphenoxy )bis(ph-
thalic acid dianhydride) (trade name: BPADA by Aldrich)
that had been purified by recrystallization from acetic anhy-
dride. After reaction for 8 hours at room temperature, 100 g of
xylene was added, the mixture was heated at 180° C. while
blowing 1n nitrogen gas, and the xylene was azeotropically
removed with the water to obtain a polyimide resin solution.
The polyimide resin had a Tg of 27° C., a weight-average
molecular weight ot 47,000 and an SP value of 10.2.

Example 1

In a 20 ml glass screw tube there were charged 1.00 g (solid
content) of the polyimide resin synthesized in the Synthesis
Example, 0.11 g of an epoxy resin (YDCN-702), 0.11 g of
another epoxy resin (VG3101 L), 0.08 g of a curing agent
(KAYAHARD NHN), 0.07 g of asilicafiller (R972),0.46 gof
boron nitride (HPP1-HI), 0.002 ¢ of a curing accelerator
(ZMAOK-PW) and 0.035 g of an antioxidant (AO-60), and
then N-methyl-2-pyrrolidone (NMP) was added to a solid
content of 40 wt % and the mixture was stirred and degassed
with a stirrer/degasser (trade name: AR-250 by Thinky) to
obtain a resin varnish. The resin varnish was coated onto a
release-treated film (trade name: PUREX A33 by Te1jin-Du-
Pont Films) using a coating machine (trade name: PI-1210
FILMCOATER by Tester Sangyo Co., Ltd.), and then dried 1in
a clean oven (product of Espec) at 80° C. for 30 minutes and
then at 120° C. for 30 minutes, to obtain a film-like adhesive.

Examples 2-3 and Comparative Examples 1-4

Film-like adhesives for Examples 2-3 and Comparative
Examples 1-4 were obtained 1n the same manner as Example
1, except that the composition for preparation of each resin

varnish was as listed 1n Tables 1 and 2. The material contents
n "

Iable 1 are shown as parts by weight.

The materials used 1n the examples and comparative

examples were as follows.

(a) Epoxy resins

Cresol-novolac-type epoxy resin (trade name: YDCN-702 by
Tohto Kasei Co., Ltd.)

Polyfunctional special epoxy resin (trade name: VG3101 L
by Printec)

(b) Curing agent

Cresolnaphthol-formaldehyde polycondensate (trade name:
KAYAHARD NHN by Nippon Kayaku Co., Ltd.)
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(c) Antioxidants

Hindered phenol 1 (trade name: AO-60 by Adeka)

Hindered phenol 2 (trade name: YOSHINOX BB by API
Corporation)

(d) High molecular component with weight-average molecu-
lar weight of 10,000 or greater

Polyimide resin synthesized in Synthesis Example (hereinat-
ter referred to as “synthetic polyimide™)

(¢) Curing accelerator

2.,4-Diamino-6-[2'-methylimidazolyl-(1")]-ethyl-s-triazi-
neisocyanuric acid adduct (trade name: 2ZMAOK-PW,
product of Shikoku Chemicals Corp.)

(1) Fillers

Boron nitride (trade name: HPP1-HIJ by Mizushima Ferroal-

loy Co., Ltd., mean particle size: 1.0 um, maximum particle

size: 5.1 um)
Silica filler (trade name: R972 by Nippon Aerosil Co., Ltd.,

mean particle size: 20 nm)

(g) Inorganic 1on scavengers

Cation scavenger (trade name: IXE100 by ToaGose1 Co.,
Ltd.)

Anion scavenger (trade name: IXE500 by ToaGose1 Co.,
Ltd.)

(h) Solvent

N-methyl-2-pyrrolidone (NMP) (product of Kanto Kagaku
Co., Ltd.)
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<Void Formation Rate Measuring Method>

The film-like adhesive of the example or comparative
example was cut ((5 mmx5 mmx0.03 mm®), the cut film-like
adhesive 4 was attached onto a glass chip 3 (15 mmx15
mmx0.7 mm®) as shown in FIG. 2, and a gold bump 6-at-
tached chip 5 (4.26 mmx4.26 mx0.27 mm’, bump height:
0.02 mm) was placed over 1t to fabricate sample B. Sample B
was contact bonded with an FCB3 (product of Panasonic)
(contact bonding conditions: head temperature: 350° C.,
stage temperature: 100° C., 5 seconds, 1 MPa), and the VOld
formation rate was measured before and aiter contact bond-
ing. The void formation rate was calculated as the percentage
of generated void area after contact bonding with respect to
the area of the gold bump-attached chip. On this basis, for
contact bonding at 350° C., 1 MPa for 5 seconds, a void
formation rate of up to 5% was evaluated as “A” and a value
of greater than 5% was evaluated as “B”. The results are
shown 1n Table 2.

<Method for Producing Semiconductor Device (Evaluat-
ing Conduction and Outer Appearance)>

The film-like adhesive of the example or comparative
example was cut (2.5 mmx15.5 mmx0.03 mm?) and attached
to a polyimide board (polyimide base: 38 um thickness, cop-
per wiring: 8 um thickness, wiring tin coating: 0.2 um thick-
ness, trade name: JKIT COF TEG__30-B by Hitachi ULSI
Systems Co., Ltd.), and then a gold bump-bearing chip (chip

TABLE 1
Example Comp. Ex
Compound 1 2 3 1 2 3 4
Polyimide resin  Synthetic 100 100 100 100 100 100 100
polyimide
Epoxy resin YDCN-702 11 11 11 11 11 11 11
VG3101L 11 11 11 11 11 11 11
Curing agent KAYAHARD 8 8 8 8 8 8 8
NHN
Antioxidant AO-60 5.5 — 55 — — — —
YOSHINOX BB — 5.5 — — — — —
Curing 2MAOK-PW 0.2 0.2 0.2 0.2 04 0.2 0.2
preventer
Filler HPP1-HJ 46 46 60 46 46 46 46
R972 7 7 7 7 7 7 7
Inorganicion  IXE100 — — — — — 55 —
scavenger IXE500 - - - - - - 5.5

<Melt Viscosity Measuring Method>

The film-like adhesive of the example or comparative
example was cut (¢6 mm, thickness: approximately 0.1 mm),
the cut film-like adhesive 4 was attached onto a glass chip 3
(15 mmx15 mmx0.7 mm®) as shown in FIG. 1, and cover glass
7 (18 mmx18 mmx0.12-0.17 mm®) was placed over it to
tabricate sample A. Sample A was contact bonded with a
tlip-chip bonder (FCB3, product of Panasonic) (contact bond-
ing conditions: head temperature: 350° C., stage temperature:
100° C., 5 seconds, 1 MPa), and the change 1n volume of the
f1lm-like adhesive before and after contact bonding was mea-
sured. The melt viscosity was calculated from the volume
change based on the parallel-plate plastometer method, using
tormula (1) below. The results are shown 1n Table 2.

(Calculation of Viscosity by Parallel-Plate Plastometer
Method)

nW=8nF1Z*Z,Y3 V3(Z,*-ZH

w: Melt viscosity (Pa-s)

F: Load (N)

t: Pressing time (s)

7. Initial thickness (m)

Z*: Thickness after pressing (m)
V: Resin volume (m”)

(1)
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s1ze: 1.6 mm><15 1 mmx0.4 mm’, bump size: 20 umx100
umx15 um?, bump count: 726, trade name: JTEG PHASE6
30 by Hitachi ULSI Systems Co., Ltd.) was mounted on 1t
with an FCB3 (Panasonic) (mountmg conditions: head tem-
perature: 350° C., stage temperature: 100° C., 5 seconds,
SON). FIG. 3 1s a photograph showing the entire semiconduc-
tor device obtained in Example 3, with the semiconductor
chip 9 mounted on the polyimide board 8. FIG. 4 1s a photo-
graph showing a cross-section of the chip-mounted section of
the semiconductor device obtained 1n Example 3, wherein
tin-coated copper wiring 2 of the polyimide board 8 1s con-
nected with gold bumps 10 on the semiconductor chip 9 by
gold-tin eutectic connection, and the gap between the semi-
conductor chip 9 and polyimide board 8 1s underfilled by the
cured film-like adhesive 11.

When a semiconductor device was fabricated by mounting
the gold bump-bearing chip (daisy chain connection) on the
polyimide board with an FCB3 using the film-like adhesive,
the connection resistance between the gold bump-bearing
chip and copper wiring was approximately 155€2. The con-
nection resistance between the gold bump-bearing chip and
copper wiring was measured for each of the semiconductor
devices fabricated using the film-like adhesives of the
examples and comparative examples, and a value of less than
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1’70€2 was evaluated as having initial conduction (“A”) while
a value of 17082 or greater was evaluated as having no 1nitial
conduction (*B”). The results are shown 1n Table 2.

<Electronic Insulation Reliability Test (HAST: Highly
Accelerated Storage Test)>

The film-like adhesives of the examples and comparative
examples (thickness: 30 um) were each attached to a comb-
shaped electrode evaluating TEG (Pertlex-S by Shindo, wir-
ing pitch: 30 um) and cured at 180° C. for 1 hour in a clean
oven (Espec Corp.). After cuning, sample C (FIG. 5) was
removed and set in an accelerated life tester (trade name:
PL-422R8 by Hirayama, conditions: 110° C./85% RH/100
hours) to measure the mnsulation resistance. Sample C was the
cured film-like adhesive 12 attached to a tin-coated copper
wiring (comb-shaped electrode evaluating TEG) 13, as
shown 1n FIG. 5. For evaluation after 100 hours, an insulation
resistance of 1x10%°Q2 or greater was evaluated as “A”, a
minimum insulation resistance of at least 1x10’Q and less
than 1x10°Q was evaluated as “B”, and a minimum insulation
resistance of less than 1x10'Q was evaluated as “C”. An
evaluation result of “C” represents poor practical utility. The
results are shown 1n Table 2.

A sample was also cured at 180° C. for 1 hour, with the
same apparatus, procedure and conditions as 1n <Method for
producing semiconductor device (Evaluating conduction and
outer appearance)> above. After curing, the sample was
removed and set in an accelerated life tester (trade name:
PL-422R8 by Hirayama, conditions: 110° C./85% RH/100
hours) to measure the mnsulation resistance. With evaluation
after 100 hours, an insulation resistance of 1x10°Q or greater
was evaluated as “A”, a minimum 1nsulation resistance of at
least 1x107Q and less than 1x10°Q was evaluated as “B”, and
a minimum insulation resistance of less than 1x107€2 was
evaluated as “C”. An evaluation result of “C” represents poor

20

Examples 1-3 had 350° C. melt viscosities of below 2000

Pa-s and were therefore evaluated as having “initial conduc-

tion”, while Comparative Example 2 had a 350° C. viscosity

of greater than 2000 Pa-s and was therefore evaluated as
5 having “no iitial conduction”.

In the antioxidant-added Examples 1-3, the insulation
resistance value stabilized at a higher value than Comparative
Examples 1-4.

The results shown 1n Table 3 confirmed that the concentra-
tions of acetate and formate 10on, which are considered causes
of thermal oxidative deterioration, were lower 1n Example 1
than in Comparative Example 1.

10

What 1s claimed 1s:

1. A semiconductor encapsulation adhesive pre-formed
film obtained by shaping a semiconductor encapsulation
adhesive composition 1into a film, wherein the semiconductor
encapsulation adhesive composition comprises:

(a) an epoxy resin;

(b) a curing agent;

(c) an antioxidant, wherein the antioxidant 1s a hindered

phenol; and

(d) a high molecular component with a weight-average

molecular weight of 10,000 or greater.

2. A semiconductor encapsulation adhesive pre-formed
f1lm according to claim 1, wherein the high molecular com-
ponent 1s at least one resin selected from the group consisting
of phenoxy resin, polyimide resin, polyamide resin, polycar-
bodiimide resin, phenol resin, cyanate ester resin, acrylic
resin, polyester resin, polyethylene resin, polyethersulione
resin, polyetherimide resin, polyvinylacetal resin, urethane
resin, and acrylic rubber or copolymer of the high molecular
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practical utility. The results are shown 1n Table 2. component.
TABLE 2

Curing Example Comp. EX.

conditions 1 2 3 1 2 3 4
Melt viscosity (Pa - s) 350° C./5s J00 700 1250 700 3000 700 700
Void formation rate 350°C./5s A A A A A A A
Initial conduction 350° C./5s A A A A B A A
Insulation resistance test 180° C./1 h A B A C C C C
Insulation resistance test 350° C./5s + A B A C C C C

180°C./1h

<Impurity Ion Concentration Measurement>

For comparison of the impurity 1on concentrations (acetate
ion and formate 1on) of Example 1 (with antioxidant) and
Comparative Example 1 (without antioxidant), the cured
film-like adhesive (thickness: 30 um) that had been cured at
180° C. for 1 hourin a clean oven (Espec) was cut out to a size
of 5 mmx5 mm (approximately 1 g), placed in a stainless steel

jacketed Teflon crucible and diluted 10-fold with purified
water. The diluted solution was then placed 1n a miniature
constant temperature tester (ETAC) and 1on extraction was
performed (121° C./20 hours). After extraction, 1t was filtered
and the impurity 10n concentration was measured with an 1on
chromatograph (Dionex Corporation). The results are shown

in Table 3.

TABLE 3
Example 1 Comp. Ex. 1
Impurity 1on concentration CH,COO™ 134.96 190.66
(ppm) HCOO™ 245.64 271.38

3. A semiconductor encapsulation adhesive pre-formed
film according to claim 2, wherein the polyimide resin has a
weilght-average molecular weight ot 30,000 or greater and a
50 glass transition temperature of no higher than 100° C.
4. A method for producing a semiconductor device,
wherein the method comprises the steps of:

connecting bump-bearing semiconductor chips to a board
with metal wiring at a temperature of 200° C. or above
using a semiconductor encapsulation adhesive compo-
sition comprising: (a) an epoxy resin, (b) a curing agent;
(¢) an antioxidant, wherein the antioxidant 1s a hindered
phenol, and (d) a high molecular component with a
welght-average molecular weight of 10,000 or greater;
and
underfilling gaps between the semiconductor chips and the
board using the semiconductor encapsulation adhesive
composition.
5. The method according to claim 4, wherein bumps of the
65 bump-bearing semiconductor chips are gold bumps, and the
metal wiring has tin coating on a surface of the metal wiring,
and the board 1s a polyimide board, and the semiconductor

55

60




US 9,024,455 B2
21

chips and the board are connected by a gold-tin eutectic
connection formed at a temperature of 200° C. or above.
6. A method for producing a semiconductor device,
wherein the method comprises the steps of:
connecting bump-bearing semiconductor chips to a board 5
with metal wiring at a temperature of 200° C. or above
using a semiconductor encapsulation adhesive pre-
formed film comprising: (a) an epoxy resin, (b) a curing
agent; (c¢) an antioxidant, wherein the antioxidant 1s a
hindered phenol, and (d) a high molecular component 10
with a weight-average molecular weight of 10,000 or
greater; and
underfilling gaps between the semiconductor chips and the
board using the semiconductor encapsulation adhesive
pre-formed film. 15
7. The method according to claim 6, wherein bumps of the
bump-bearing semiconductor chips are gold bumps, and the
metal wiring has tin coating on a surface of the metal wiring,
and the board 1s a polyimide board, and the semiconductor
chips and the board are connected by a gold-tin eutectic 20
connection formed at a temperature of 200° C. or above.
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